In order to improve the accuracy of the hypocenter locations in the Kanto district, Japan, station corrections are estimated from the data of artificial explosions. About 500 earthquakes which occurred during the period from January to August 1975 have been relocated by using the station corrections.
The area covered in this study is bounded by latitudes error in the spatial coordinates of the relocated epicenter is estimated to be about 1.5km. Depth of the local explosions is estimated to be within 2km of the actual location. The good agreement between the calculated and the actual depths suggests that the accuracy of the depth is significantly improved from that determined when the station corrections were not included. An aseismic zone in the middle of the Kanto district which was suggested by the old seismicity map is not substantiated by the present study.
The Tokyo area has repeatedly suffered from earthquakes which occurred in the Kanto district (Fig. 1) . Forty eight earthquakes with intensity 5 and larger (Japanese scale) occurred in the Tokyo area since 818 (KAYANO, 1975) . In general the degree of damage caused by an earthquake depends on its magnitude. However, other factors such as the depth of the event and the population in the epicentral area drastically affect the degree of damage. Unfortunately, Tokyo has large population, heavy traffic, densely built tall structures etc. all of which go to enhance the effect of earthquakes. In spite of the relatively moderate magnitude 6.9, the Edo earthquake which occurred at a very shallow depth beneath the Tokyo Metropolitan area in 1855 caused considerable damage, and about seven thousand people were killed (KATSUMATA, 1974) . The distribution of earthquakes in the Kanto district has already been studied by many investigators (ISHIBASHI and TSUMURA, 1971; TSUMURA, 1973; KATSUMATA, 1974; TSUMURA, 1974a,) Figure 2 shows epicenters of microearthquakes which were located by using the data from highsensitivity seismic stations of the Earthquake Research Institute (ERI), the University of Tokyo. All earthquakes with magnitude larger than 2.7 were located for the Kanto district, and larger than 2.0 for the Tokyo area Kanto district (Tsumura, personal communication, 1975; ISHIDA and ASANO , 1976; ZAMA and SHIMA, 1976) .
In the present study, we shall develop a method of hypocenter determination for the Kanto district and investigate the distribution of earthquakes in greater detail. The effect of surface heterogeneity near the station will be reduced by using the travel-time residuals from the explosions observed at the individual stations. About 500 earthquakes which occurred in the Kanto district during the period from January to August 1975 are relocated.
2. Data Figure 4 shows the locations of the explosions used in the present study. Numbers 1, 2 (IIZUKA et al., 1975) and 4 (ITo et al., 1976) were Fig. 4 . Distribution of explosions and temporary observations used in the present study. Large and small symbols show the shot point and the temporary observations at each explosion, respectively. Dotted belts show the seismic profiles made by R.G.E.S. (1951) (1952) (1953) (1954) (1955) (1956) (1957) (1958) (1959) (1960) (1961) (1962) (1963) (1964) (1965) (1966) . The numbers correspond to those in Table 1 . shots for the purpose of monitoring velocity changes in the Kanto district and numbers 3, 5 and 6 (SHIMA et al., 1976a, b) were shots to study the velocity structure in the Tokyo area. The coordinates of the explosions are listed in Table 1 . The P waves from the explosions were recorded by the temporary stations shown in Fig , 1951-1966) to study crustal structures. In addition to these explosions, the Cannikin nuclear explosion on Amchitka Island on November 6, 1971, was used in the present study. Seismic waves from this explosion were recorded at the permanent stations belonging to the Japan Meteorological Agency (JMA) and the Earthquake Research Institute (ERI), shown in Fig. 5 .
The earthquakes which occurred in the area bounded by latitudes Kanto made by R.G.E.S. On the basis of refraction studies using these profiles, MIKUMO (1966) proposed a structure for the Kanto district called Model E-3A3 ( Fig. 6(a) ). He also used gravity and surface wave dispersion data in the study. However the seismic profiles employed in Mikumo's study do not cover the middle part of the Kanto district. Furthermore the profiles have not been reversed and the derived structure is not unique. Nevertheless, use of Model E-3A3 seems to improve the accuracy of the hypocenter locations in the Kanto district (ISHIBASHI and TSUMURA, 1971; TSUMURA, 1973) . It is considered that Model E-3A3 is an accurate representation of the general crustal structure for the entire Kanto district. No other extensive explosion profile going through the Kanto district is available. For this reason, Model E-3A3 is used as the standard crustal the travel-time and the travel-time anomaly at the Yumenoshima site for a vertical path through the top 4.5km, respectively. structure of the Kanto district in the present study. The effects of structural heterogeneity beneath the stations will be discussed in the following section in relation to this model.
The velocity structure deeper than 32 km is assumed to be the same as that of Jeffreys-Bullen.
Station Corrections
Significant errors in the hypocentral locations may result since the actual structure is more complex than the model used for the determination of hypocentral parameters.
In the present study, this effect is reduced by applying station corrections to the data. The station corrections were determined using data obtained from various explosions. The high sensitivity seismic stations in the Kanto district recorded P waves from the six explosions shown in Fig. 4 . By using the observed travel-times and Model E-3A3, the travel-time residuals at each station can be estimated.
The travel-time residuals thus obtained include the effect of the whole path from the explosion to the station.
Although the details of the structure along the whole path are not known, the effects of the surface geology at the explosion and station sites can be estimated using the explosion data as follows.
Figure 6(b) compares Model E-3A3 and the velocity structure derived from the Yumenoshima explosion ). The travel-time along a vertical path through the top 4.5km of the crust is 0.82sec and 1.51sec for Model E-3A3 and the crustal model derived from the Yumeno- Table 2 . Travel-time residuals of the six explosions listed in Table 1. shima explosion, respectively. If the velocity structure below 4.5km at the Yumenoshima site is assumed to be identical to that of Model E-3A3, the travel-time anomaly at the site of the Yumenoshima explosion is 0.69 sec for a vertical path (Fig. 6(b) ). Since the emergence angles from the explosion to the stations are about 60 degrees, the travel time anomaly caused by the local geology at the shot point is estimated to be about 1.38sec. In the same way, the travel-time anomaly at each shot point was estimated. These source terms were subtracted from the travel-times to obtain the residuals at the stations. These travel-time residuals for the (SHIMA et al., 1976a, b) . The bottom profile was derived from the Ogishima explosion (ISHIDA, 1975) . The effects of local geology beneath the stations were estimated using the individual profiles in a manner similar to that used for the estimation of the source term. The traveltime anomalies for a vertical path are listed in column 5 of Table 3 . In order to compare these travel-time anomalies with those obtained above from the difference between the observed and calculated travel-times (listed in column 3 of Table 3 ), the latter is reduced to the value for vertical incidence with the assumption that the incidence angles at the individual stations are about 60 degrees. These corrected values are listed in the last column of Table 3 . The good agreement between the value in column Table 4 . The difference between the real and relocated short points. 
Detection Capability
The detection capability and the distribution of stations around the epicenters also have important effects upon the hypocenter determination. The detection capability is defined by the magnitude of an earthquake, the 10 shows the relationship of these elements at the Iwatsuki (IWT) station where the instrument is installed at a depth of 3,500m. The crosses and squares show the earthquakes located by the high-sensitivity seismic stations, Fig. 11 . Closed circles and crosses show the high sensitivity seismic stations and assumed epicenters for the estimation of the accuracy of hypocenter determination, respectively. which could and could not be detected at IWT, respectively. The solid line wave could be identified. The detection capabilities of the other highsensitivity seismic stations were estimated in proportion to the magnification of the instruments and are shown in Fig. 10 by the thin lines. In order to estimate the accuracy of each hypocenter determination the timing accuracy of the onset of the P wave was assumed as follows, Fig. 12 . Accuracy of hypocenter determination where the depth is constrained at 20km and the magnitude is assumed to be 2.5. The stations used for computation are shown in Fig. 11 . The digits show the standard deviations in hundreds of meters.
Triangles represent events which can be detected at four stations but are not located (after F. Yamamizu, personal communication).
hypocentral distance shown. The distribution of the timing error is assumed to be Gaussian. By using the Monte Carlo method, fifty cases were randomly tried for each earthquake denoted by crosses shown in Fig. 11 . In the example shown in Fig. 12 (F . Yamamizu, personal communication, 1976) , the focal depth is constrained at 20km and the magnitude of the earthquake is assumed to be 2.5. The locations of the stations used in the computation are shown in Fig. 11 . In order to simplify the computation, a single-layer crustal structure with a P wave velocity of 7.0km/sec is assumed. The digits in Fig. 12 represent the standard deviations in hundreds of meters of the locations. The triangles in Fig. 12 show the earthquakes which could be identified at four stations but could not be located.
The result shown in Fig. 12 may suggest the accuracy of the hypocenter determination used in the present study although the real situation is a little different from this example; the crustal structure is more complex and the timing accuracy may be worse than the assumed value due to the thick sedimentary layer which covers the Tokyo area.
Discussion and Conclusion
The accuracy of hypocenter determination strongly depends on the method of computation and the travel-time table. If a three-dimensional seismic velocity structure is very well known, methods using recently developed two or three-dimensional seismic ray tracing (ENGDAHL and LEE, 1976; Hamada, personal communication, 1976 ) may be used to improve the accuracy.
Unfortunately the structure in the Kanto district is not well enough known to use these methods. Furthermore, these methods are prohibitively time consuming for routine analyses.
The master event method (e.g., JOHNSON and HADLEY, 1976 ) is another useful method. This method provides good relative location accuracy for events which are clustered in the same area. However, the earthquakes examined in the present study are distributed all over the Kanto district and the master event method is not adequate.
The S-arrival times, if identified correctly, are sometimes very useful to constrain the focal depth or the origin time. However, when stations are located on a thick sedimentary layer, the onset of S waves often becomes very ambiguous.
Since many stations in the Kanto district are located on a thick alluvium, S waves were not used in the present study.
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